evaluated to study the adsorption mechanism of crystal violet onto chitosan. The results of this work are anticipated to be essential to ensuring the practical use of chitosan in color removal from waste water.
II. Experimental

Adsorbent
The raw material, exoskeleton of fresh shrimp shell for preparation of chitin and chitosan was obtained from fish markets. The shells and heads of fresh shrimp were thoroughly and repeatedly washed in water and sun dried. The raw material was completely immersed (steel container) in 1.25 mol/L NaOH solution and boiled for one hour for deprotonisation. After cooling, the alkali was drained off and washed repeatedly with ionized water to obtain neutral pH. The contents were transferred in a plastic container and 5 % HCL was added and allowed to act for one hour to remove CaCO 3 [18, 19] . The acid was decanted and repeatedly washed with water and then with ionized water. The excess water from the chitin obtained is removed by squeezing in a sterile lint cloth and air dried. The resulting insoluble solid (chitin) was deacetylated in 5N NaOH at 110 o C for 3h. The NaOH was quickly drained off and the content was repeatedly washed with water and finally with deionized water. The prepared chitosan flakes was sterilized with ethylene oxide and packed in pre autoclaved polyethylene containers. (Figure 1 )
The deactylation degree was determined and calculated from the following relationships, by using FTIR spectrophotometer [19] . Sigma Chemical Company USA, and used without chemical purification ( Figure 2 ). The stock solution was prepared by dissolving an accurate weighed 250 mg of dye in one liter of distilled water. The experimental solutions of desired concentrations were obtained by successive dilutions with double distilled water.
Characterization of the Adsorbent
The morphology of chitosan was investigated using scanning electron microscope (JEOL JMS-840). FTIR spectra of chitosan was obtained by a Perkin -Elmer FTIR spectrophotometer, model Sepectrum 1000, to analyse the surface functional groups of chitosan in the range of 4000 -400 cm -1 . The structure of chitosan was investigated by N 2 adsorption isotherms at 77K with Qutachrome NOVA Automated Gas sorption, version 1.12. Prepared chitosan was subjected to thermogravimetric analysis TG/DTA using Perkin Elmer Diamond analyzer instrument. Runs were carried out at linear heating rate 10 o C/min from 50 to 1000 o C under high purity nitrogen. Thermal drying method was used in the determination of moisture content of the samples. 1.0g of the dried activated carbons were weighed and placed in an oven and dried at 105°C to constant weight for 4h according to the method of Rengaraj [20] . To determine the ash content of chitosan, the standard test method for ash content-ASTM D2866-94 was used. Some physicochemical properties of chitosan are given in Table 1 .
Adsorption Experimental Methods and Measurements
Adsorption isotherm experiments were carried out by agitating (0.15g) adsorbent in 100 ml dye solution having concentrations ranging from 10 -60 mg/L with pH of 8 and temperatures (293, 313 and 323K) in 250 ml conical flasks. Shaking was carried out for 24 h in an incubator shaker operating at 150 rpm.
The effect of pH, varied between 2 -10, was studied by adjusting the pH of the dye solution using dilute H 2 SO 4 and NaOH solution. The pH tests, the dye concentration (100 mg/L), the adsorption time (2h), the stirring speed (150 rpm), and at room temperature were used.
For the adsorption kinetic experiments, the amount of dye adsorption was determined by analyzing the solution at appropriate time intervals. The experiments were conducted by agitating (1g) adsorbent in 500 ml dye solution at three different initial concentration (75, 150 and 250 mg/L) with pH of 8 at room temperature in a shaker operating at 150 rpm.
The solution and solid phase were separated by centrifugation at 150 rpm for five minutes. All basic crystal violet solutions were diluted with distilled water and analyzed using Shimadzu UV -visible 2401 PC spectrophotometer. The dye adsorption capacity at equilibrium q e can be calculated from the equation given
where (mg/L) is the initial dye concentration in liquid phase, (mg/L) denotes the dye concentration in liquid phase at equilibrium, V (L) represents the total volume of the dye solution, and m(g) is the mass of the adsorbent.
III.
Results and Discussion
Effect of Initial pH
The pH value of the dye solution plays an important role in the entire adsorption process and particularly in adsorption capacities. As revealed from Figure 3 , by increasing the pH value, the dye uptake increases from 5% to 60% [21, 22] . The maximum uptake was observed at pH=8. This can be explained on the basis that the pH of the solution affects the surface charge of the adsorbent. The amino groups of chitosan are protonated under acidic conditions according to the following reaction:
Also, the cationic dye give positively charged ions when dissolved in water. Reported pH pzc value for chitosan was 6.6 [23] . At pH values lower than the corresponding pH pzc , the adsorbent will have a net positive charge. Thus, strong coulombic repulsions are developed between the adsorbent and dye. However, at pH values higher than the corresponding pH pzc values of the adsorbent, repulsive forces are weakened since the amino groups of sorbent are deprotonated, thereby resulting in an increased adsorption of dye due to increasing the electrostatic attraction between the positively charged functional groups located on the basic dye and the negatively charged surface of the adsorbent (-OH groups of the chitosan). Figure 4 shows the adsorption capacity versus the adsorption time at various initial crystal violet concentrations. It indicated that the contact time needed for crystal violet solutions (initial concentrations of 75-250 mg/L, pH =8 and at room temperature) to reach equilibrium was around 4 h. This observation could be explained by the theory that in the process of dye adsorption, initially the dye molecules have to first encounter the boundary layer effect and then diffuse from the boundary layer film onto adsorbent surface and then finally, they have to diffuse into the porous structure of the adsorbent [24] . Therefore, crystal violet solutions of higher initial concentrations will take relatively longer contact time to attain equilibrium due to higher amount of dye molecules.
Effect of Contact Time and Initial Dye Concentration
As can be seen from Figure 4 , the amount of crystal violet adsorbed on chitosan increases with time and, at some point in time, it reaches a constant value beyond which no more crystal violet is further removed from the solution. At this point, the amount of the dye desorbing from chitosan is in a state of dynamic equilibrium with the amount of the dye being adsorbed on chitosan. In other words, fast diffusion onto the external surface of the adsorbent was followed by fast pore diffusion into the intra particle matrix to attain rapid equilibrium. The amount of dye adsorbed at the equilibrium time reflects the maximum adsorption capacity of the adsorbent under those operating conditions. In this study, the adsorption capacity at equilibrium (q e ) increased from 12 to 28 mg/g with an increase in the initial dye concentrations from 75 to 250 mg/L. When the initial concentration increased, the mass transfer driving force would become larger, hence resulting in higher adsorption of crystal violet [25] . A similar trend was also observed for crystal violet adsorption onto modified chitosan [26] .
Adsorption Kinetic Study
Adsorption is a time-dependent process, and determining the rate of adsorption is highly important in the design and evaluation of adsorbents in removing dyes from wastewater. The kinetic constants of dye adsorption can be used to optimize the residence condition. The process of dye removal from aqueous phase by a certain adsorbent may be represented by pseudo-first-order kinetics [27] or pseudo-second-order kinetics [28] . The rate constant of adsorption is determined from the first-order rate expression given by Lagergren:
log( − ) = − 2.303 (4) where q e and q t are the amounts of dye adsorbed at equilibrium and at time t (min), respectively, and k is the rate constant for first order kinetics. The values of rate constant k, equilibrium adsorption capacity q e , are calculated from the plots of log (q e − q t ) versus t (Figure not shown) . Kinetic data were further examined with the pseudo-second-order kinetic model which is expressed as follows:
Equilibrium adsorption capacity q e and second-order rate constants (K ) can be determined experimentally from the slope and intercept of plot t/q t versus t (Figure not shown) . The K and q e values are listed in Table 2 . Based on the correlation coefficients (R 2 ) the adsorption of crystal violet onto chitosan was best described by the pseudo-second-order kinetics. The pseudo -second order model is based on the assumption that the rate controlling step is a chemical sorption involving valance force by sharing or exchange of electrons between adsorbent and adsorbate [29, 30] . Intraparticle diffusion model based on the theory proposed by Weber and Morris [31] was tested to identify the diffusion mechanism. It is an empirically found functional relationship, common to the most adsorption processes, where uptake varies almost proportionally with t 1/2 rather than with the contact time t. According to this theory: = 1 2 + (6) where k p (mg/g min 1/2 ) is the intraparticle diffusion rate constant. The intraparticle diffusion model rate constant, K p is obtained from the slope of the straight line of q t Versus t 1/2 ( Figure 5 ). Values of intercept, C, give an idea about the thickness of boundary layer, i.e., larger the intercept, greater is the boundary layer effect [32] . The R 2 value (Table 2 ) obtained were high and agreed satisfactorily well for intraparticle diffusion model. The first, sharper portion is the instantaneous adsorption or external surface adsorption. The second portion is the gradual adsorption stage where intraparticle diffusion is the rate limiting. In some cases, the third portion exists, which is the final equilibrium stage where intraparticle diffusion starts to slow down due to the extremely low adsorbate concentrations left in the solutions [33] . As can be seen from Figure 6 , the linear line did not pass through the origin and this deviation from the or near saturation might be due to the difference in the mass transfer rate in the initial and final stages of adsorption [34] . This suggested that the overall rate of the adsorption process was controlled by chemisorption which involved valency forces through sharing or exchange of electrons between the sorbent and sorbate [35] .
The diffusion coefficients for the intraparticle transport of crystal violet within the pore of chitosan have been calculated at different initial concentrations by employing the following equation [36] . where t 1/2 is the time (min) for half adsorption of crystal violet, r o is the radius of the adsorbent particle in cm and D is the diffusion coefficient with unit m 2 / min. For the calculation of r value, it was assumed that the solid phase consists of particle which is spherical in nature. For the present study, the pore diffusion coefficient values obtained from equation (7) are given in Table ( 2). The values of diffusion coefficient for adsorption of crystal violet were found under common experimental conditions to be close to 10 -18 . This was attributed to the larger molecular size of the present system, the factor that slows down in diffusion rate. In addition, the present molecules have more complex structures (adsorbate), and therefore its strong interaction with chitosan surface reduces its mobility [37] .
Equilibrium isotherm studies:
Adsorption isotherms, or equilibrium data, are the fundamental requirements for the design of adsorption system. Four models, namely, Langmuir, Freundlich, Temkin and Dubinin-Radushkevitch were selected for the biosorption process. Langmuir isotherm assumes monolayer adsorption onto a surface containing a finite number of adsorption sites of uniform strategies of adsorption with no transmigration of adsorbate in the plane of surface [38] . The linear form of Langmuir isotherm equation is given as:
where C e is the equilibrium concentration of the adsorbate (mg/l), q e is the amount of adsorbate adsorbed per unit mass of adsorbent (mg/g), Q o and K L are Langmuir constants related to adsorption capacity and rate of adsorption, respectively.
When C e /q e is plotted against C e , a straight line with slope of 1/Q o is obtained. The Langmuir constants Q o and K L were calculated from the slope and intercept of Equation 8 . The results are shown in Table 3 . From this table, the values of K L increased by increasing the temperature from 293K to 323K. The results imply that the affinity of the binding sites for crystal violet is enhanced with temperature.
The Freunlich isotherm is commonly used to describe the adsorption characteristics of multilayer and heterogeneous surfaces. The well -known logarithmic form of the Freundlich isotherm is given by the following equation [39] : log = + ( 1 ) log (9) where C e and q e are defined in the same manner as in the Langmuir equation, Freundlich constant, K F , is the adsorption capacity of the adsorbent which can be defined as the adsorption or distribution coefficient and represents the quantity of dye adsorbed onto activated carbon for a unit equilibrium concentration, 1/n is another constant related to surface heterogeneity. In most cases the exponent between 1< n< 10 shows beneficial adsorption. When log q e is plotted against log C e , the constants (K F and 1/n) are determined from the slope and intercept (Table 3 ). The results showed that K F values decreased by increasing the temperature and n values varied between 1.8 -3.6.
Temkin and Pyzhev considered the effects of indirect adsorbate/adsorbate interactions on adsorption isotherms. The heat of adsorption of all the molecules in the layer would decrease linearly with coverage due to adsorbate/adsorbate interactions [40] . The Temkin isotherm has been used in the form as follows: = ln (10) where B =RT/b and is related to the heat of adsorption, R is the gas constant (8.31 J/mol K) and T (K) is the absolute temperature, A is the equilibrium binding constant (L/mg). A plot of q e versus ln C e enables the determination of the constants A and B.
Another popular equation for the analysis of isotherms of a high degree of rectangularity is that proposed by Dubinin and Radushkevich as follow [41] : = exp − 2 (11) where ε can be correlated:
The constant B gives the mean free energy E of sorption per molecule of the sorbate when it is transferred to the surface of the solid from infinity in the solution and can be computed by using the relationship: = 1 2 (13) The D-R isotherm constants, B and q s , calculated from the slope and intercept of the plot between ln q e and ε2 are recorded in Table 3 . The values of porosity factor (K) less than unity indicated a micro-and mesoporous chitosan surface [42] . The values of the mean free energy of sorption (E) calculated from equation 13 indicates that the adsorption process follows a chemical adsorption. Table 3 summarizes all the constants and correlation coefficients, R 2 of the four isotherm models used. The Langmuir model yielded the best fit with R 2 values equal or higher than 0.99, as compared to the other three models. Conformation of the experimental data into Langmuir isotherm equation indicated the homogeneous nature of chitosan surface, which postulate chemisorptions on a set of well defined localized sorption energies independent of surface coverage and no interaction between adsorbed molecules. [43, 44, 45] .
Adsorption thermodynamic study
Thermodynamic data can be obtained from Langmuir equations. Langmuir constant K L is related to the enthalpy of adsorption. Therefore, thermodynamic parameters such as change in standard free energy (∆G•), enthalpy change (∆H•), and entropy change (∆S•) can be determined using the following equations: 
Effect of temperature on adsorption capacity of chitosan
A study of the temperature dependence of adsorption process gives valuable information about the enthalpy during adsorption. The effect of temperature on the adsorption isotherm was studied by carrying out a series of isotherms at 293, 313 and 323 K as shown in Figure 7 . At temperature 323K, more dye strongly adsorbed by chitosan and thus induced a higher Q o value (Table 4 ). This process was endothermic, where increasing the temperature increases the value of Q o .
It was explained that as temperature increased a strong tendency for the formation of monolayer adsorption process occurs [47, 48] . The increase in temperature would increase the mobility of the large dye ions as well as produce a swelling effect within the internal structure of the chitosan, thus enabling the large dye molecules to penetrate further [49] . Therefore, increasing the temperature largely depends on the chemical interaction between the functional groups on the adsorbent surface and the adsorbate. This leads to an increase in the diffusion rate of the adsorbate into the pores. Figure 8 represents the FTIR spectra of chitosan (400-4000cm -1 ). The wide band at 3414cm -1 shown in the spectrum is attributed to stretching vibration of hydroxyl group of chitosan. The small band at 3754cm -1 is due to stretching vibration of N-H groups. The band at 2927cm -1 is assigned to C-H stretching vibration of polymer backbone. The other band at 1427cm -1 is due to C-H bending. The bands observed at 1630 and, 1380 cm -1 correspond to (-NH stretching vibration). Note in the spectrum of chitosan that the presence of two bands, one at 1154cm -1 and another at 1036cm -1 , probably indicates stretching vibrations of C=O groups. [50, 51] . The SEM micrograph of chitosan is presented in Figure 9 , the micrograph showed that the biopolymer has a heterogeneous, smooth and fibril structure. Chitosan is a linear homopolymer of -(1,4)-2-amino -2-deoxy -D-glucose, and it is similar to cellulose in morphology. Figure 10 illustrates the TG-DTG curve of chitosan which represents the stages of decomposition behavior. This figure shows weight losses at three different stages. By heating the material up to 100 o C, the first weight loss (5.26%) has been due to the elimination of moisture. The second stage of decomposition from 216-316 o C, corresponds to weight loss of 24.5% was due to the depolymerization reaction. In the third stage from 316-600 o C, reported a weight loss of 10.08% .Chitosan is thermally stable up to 600 o C [52] . The BET surface area of chitosan was found to be 131 m 2 /g with total pore volume of 0.108cm 3 /g. The pore size distribution of is shown in Figure 11 . The first peak was detected at 18Ǻ which implies to micropore character. The second and third peak occurred at pore diameter ranging between 25 -43 Ǻ reflects the mesopore character. This mesopore character enhances the mass transfer of the dye to the adsorption sites in the adsorption process.
Characterization of the adsorbent
IV. Conclusion
In this study, the adsorption of crystal violet onto chitosan was investigated by looking into equilibrium, thermodynamics, and kinetic process. The adsorption experiments confirm that chitosan is effective for the adsorption of basic dye from aqueous solution. The results indicate that the Langmuir model describes the adsorption of crystal violet extremely well. The kinetic studies showed that the adsorption of chitosan followed pseudo -second order kinetics. The value of mean free energy E, evaluated by DubininRadushkevitch suggest that the process follows a chemical sorption process. The adsorption of crystal violet onto chitosan was dependent on solution pH, contact time and initial dye concentration. The negative value of ∆G° confirms the spontaneous nature of the adsorption process. The positive ∆H° value confirmed the endothermic nature of the adsorption interaction, whereas the positive ∆S° value showed the increased randomness at the solid -solution interface during the adsorption process. 
